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XXXVI. On the PreceJJion of the Equinoxes. By the Rev^ 

Samuel Vince, M. J. F. R. S. 



Read June 21, 1787. 

I. ^ I IHE true caufe of the preceffion of the equmo^ial 
JL points was firft afligned by Sir Isaac Newton ; but 
it is confefifed, that he has fallen into an error in his inveftiga- 
tion of the efFe£t. Without, however, entering into any enquiry 
relative to the circumftances in which he has erred, I propofe to 
jliew how we may obtain a true folution from his own principles, 
by means of which alone the whole calculation may be rendered 
extremely iimple and evident : and although very fatisfadory 
folutions have been already given, yet the importance of the 
problem will fufficiently apologife for offering any thing fur- 
ther upon the fubjed that may at all tend to elucidate it. 

2. Let S (Tab. XV. fig, 1 .) be the fun, ABDC the earth, T its- 
center, EQ^ the equator, P,/, the poles ; draw CTB perpendi- 
cular to SAD, and join SE, which produce to meet CB in K* 
Call the radius ET unity, and let the force of the fun on a 

particle at T be —55 then the force on a particle at E:r 

— : hence, if we refolve this latter force into two others, one 
in the diredion ET, and the other in the diredion parallel to 
TS, we have SE : ST ;: ~|^ : the force in the diredion parallel 
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to TSrz^3 rr-^^^rrr^ = r^^ +|lr> ^^^"^^^g the other terms of 

DJi ST — EK. ox 51. 

the fenes on account of their fmalhiefs. Hence the force 
with which a particle at E is drawn from CB is equal to 

^-y ; confequently the efFed of this force in a dire£lion per- 
pendicular to ET will be ^—^ — ; hence this force : the 

force of the fun on a particle at T :: ^—^^3 — ' ^^ '• 3EK 

X KT : ST. Now if Prrthe periodic time of the earth, ^=: 
the periodic time of a body revolving at the earth's furface ; 
then the force of the earth to the fun : the force of the body 

to the earth, or the force of gravity, :: — : ^; and hence the 

force of the fun on a particle at E perpendicular to ET : the 

force of gravity :: ^ p^ ' - ■ ■ -- : i. 

3. Let V be the center of gyration, and put M^sthe quan- 
tity of matter in the earth : then the efFe£i of the inertia of M 
placed at 1?, to oppofe the communication of motion, is the 
fame as the efFe£t of the inertia of the earth ; and hence, by 
the property of that center, ET^ : Tv^ (--|ET^) :: M : _^M, 
which is the quantity of matter to be placed at E to have the 
fame efFed. 

4. Put m = the excefs of the quantity of matter in the 
earth above that of its infcribed fphere. Now by Sir Isaac 
Newton's two firft lemmas, it appears, that the adion of 
the fun upon the fhell m of matter, to generate an angular 
velocity about an axis perpendicular to CABD, is juft the fame 
as it would be to generate an angular velocity in a quantity of 
matter equal to i-t/i placed at E. Let us therefore fuppofe the 
fun's attraction, perpendicular to ET, to be exerted upon a 

-% quantity 
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quantity of matter at E equal to ^ m^ and at the fame time to 
have a quantity of matter to move equal to 1. M, and then from 
this and art. 3. it appears, that the effed will be the fame as 
the accelerative force of the fun to turn about the earth. 
Hence that accelerative force is, from art. 2. equal to 

^EKxKTx/^^xfw 3EKxKTx/x/?2 •«. u • •. xt 

^' zMxF ^ — 2Mx/ ' gravity being unitj. Now, 

if T£ : TP :t 1 : i -r, then M : M- ;;2 :: i : i - 2r, there- 
fore, M : m :: 1 : 2r, hence -^ = r, confequently the accele- 

. r qEKxKTx/xr 

rative force = ^ p^ — • 

5. Let z= the arc defcribed by a point of the equator about 
its axis in an indefinitely fmall given time, which may there- 
fore reprefent its velocity; and let az reprefent the arc de- 
fcribed in the fame time by a body revolving about the earth at 

its furface; then — ^z:the fagitta of the arc defcribed by the 

body in the fame, time, and confequently a'^z^ z=z the velocity 
generated by gravity whilft a point of the equator defcribes z. 

Hence, by art. 4* we have i : -g . ^ :: az t 
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^ — 2-: — ^f >^'^x^ ^ jj^^ velocity of the point E of the equator- 
generated by the a£lion of the fun, whilft the equator defcribes 
z about its axis; confequently the ratio of thefe velocities is as» 



gEKxKTx/x^^^ . 

p2i • I • 



6. Let J)/ be an arc defcribed by the fun in the ecliptic to a 
radius equal to unity^ whilft a point of the equator defcribes z 
about its axis ; then (as apzizthe time of the earth's rotation, and 
the arcs defcribed in equal times to equal radii are inverfely as the 

periodic times) :|- : -^ - J • z=— ; hence,, if ^ and w be put 
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for the fine and cofine of the fun's declination, the ratio of the 

velocities in the laft article becomes ^~^:^^ : i. 

7. Hence if TSL (fig. 2.) be the ecliptic to the radius 
unity, P the plane of the fun, SER the equator, PE the fun^s 
declination, and we take E^ : cd (cd being perpendicular to 

Ec) :: I : 3^^^ ^^^j through V, £, defcribe the great circle 

TEM, then will ST be the precefiion of the equinox during the 
time the fun defcrlbes y in the ecliptic. Now E J (or E^, as 
the angle at E is indefinitely fmall) : dc :: rad. r::i : fine 

angle E=:-^2lI!!!!^. hence (if SV be drawn perpendicular to 
TE) 1 : fine SE :: ?fL'^ : SVzz:^^^^^^^^^^"-^^^-^; therefore, 
fin. STVorESP : i :: SV : STr= 3^-^"^^^,^^'°-^^^i . 

P X fin. ESP 
"" r„ cr> 1 cof. SP , vw 



8. Now -4 =Tm.SP, and w==^^^, hence 



fin. ESP cof.ES' fin. ESP 

fin. SP X cof. SP _ , cof. ESP _ , vw 

cof. ES ' tan. ES x cot. SP ~ ' ' "^"^^ fm. ESP " 

fin. SP X cof. SP X cof. ESP _ fin. SP'' x cof. ESP r , 

cofrESxtan.ESxcot.SP ^ iin. ES ' confequently, 

ST = 3^Kxfin.SP^xcof.ESPxj ^ (If ^ = fin. SP) 
3f^Xco^ESPX:.:5 ^j^^^ ^ ^^^^ ^^ . 3.^rxcof.ESPx, 

Px^l-«* ' 2P 

'{y being now = to a quadrant) the arc of preceffion whilft the 
fun defcribes 90° of the echptic ; and to find the degrees fay, 

>i„ • ^/^^o.. 3«*"Xcof ESPxv. , o ^asrxcof. ESP ^ 

4);. 360 ,. — :36o x^^ — , confequently 

the precefiion ma year- 360° x lfJtl21ff- '^^^ = 21'^ (>"\ This 

would be the precefiion of the equinox arifing from the attra^lioii 
«f the fun, if the earth were of an uniform denfity, and the ratio 
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•of the diameters as 229 : 230; but if the greatefl: 'iiuta* 
tioii of the earth's axis be rightly- afcertaiiieclj the preceffioii 
is only ^ about -^ 14^'' f ; which difference between the theory 
and what is deduced from obfervation muft arife 'either 
from the fluidity of the earth's furface, an increafe of den- 
fity towards the ceniefj or the ratio of the diameters being 
different from what is here aflumed, or probably from all the 
caufes conjointly. But as the heft obfervations mufl: be liable 
to fome fmall degree of inaccuracyj and an error of one 
or two feconds in the nutation will, in this cafe, make a very 
confiderable alteration in the conclufion, the eflimation of the 
preceflion arifing from the aftion of the fun feems to be fabje^ 
to a very confiderable degree of uncertainty^ 
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